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ABSTRACT: The aim of this study was to investigate the effect of divalent metal ions (Ca,
Mg2+, and Zn2+) on the stability of oxytocin in aspartate buffer (pH 4.5) and to determine
their interaction with the peptide in aqueous solution. Reversed-phase high-performance liq-
uid chromatography and high-performance size-exclusion chromatography measurements indi-
cated that after 4 weeks of storage at 55◦C, all tested divalent metal ions improved the stability
of oxytocin in aspartate-buffered solutions (pH 4.5). However, the stabilizing effects of Zn2+ were
by far superior compared with Ca2+ and Mg2+. Liquid chromatography–tandem mass spectrom-
etry showed that the combination of aspartate and Zn2+ in particular suppressed the formation
of peptide dimers. As shown by isothermal titration calorimetry, Zn2+ interacted with oxytocin
in the presence of aspartate buffer, whereas Ca2+ or Mg2+ did not. In conclusion, the stability
of oxytocin in the aspartate-buffered solution is strongly improved in the presence of Zn2+, and
the stabilization effect is correlated with the ability of the divalent metal ions in aspartate
buffer to interact with oxytocin. The reported results are discussed in relation to the possible
mode of interactions among the peptide, Zn2+, and buffer components leading to the observed
stabilization effects. © 2013 Wiley Periodicals, Inc. and the American Pharmacists Association
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INTRODUCTION
Pregnant women may face life-threatening blood loss
at the time of delivery. As stated in the Interna-
tional Confederation of Midwives (ICM) - Interna-
tional Federation of Gynecologists and Obstetricians
(FIGO) joint statement, the drug of choice to pre-
vent bleeding after child birth (postpartum hemor-
rhage) is oxytocin.1 Oxytocin (Fig. 1) is a nonapep-
tide hormone that is composed of a cyclic sequence of
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Cys1–Tyr2–Ile3–Gln4–Asn5–Cys6 with an N-terminal
amino group, and of a linear Pro7–Leu8–Gly9 with
a C-terminal amide. The secondary structure of the
cyclic part is heterodetic with a disulfide linkage be-
tween two cysteine residues, namely Cys1 and Cys6.2
Unfortunately, a major problem in practice is that
injectable oxytocin formulations become highly un-
stable when the storage temperature rises to 30◦C
or higher.3 Therefore, oxytocin should be refrigerated
during storage and transportation, the so-called “cold
chain,” which cannot always be maintained, partic-
ularly in rural or tropical areas.4 Oxytocin can un-
dergo degradation via deamidation, oxidation, or thiol
exchange.5,6 In particular, the Cys1–Cys6 disulfide is
susceptible to thiol exchange or oxidation promoted
by oxygen, light, or transition metal ions.7–9
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